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NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM

THE BEST COPY FURNISHED US BY THE SPONSORING

AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-

TAIN PORTIONS ARE ILLEGIBLE, IT IS BEINGRE-

LEASED IN THE INTEREST OF MAKING-AVAILABLE

AS MUCH INFORMATION AS POSSIBLE.
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R EQ U I R MENTS -- 
-. ,.DiE/'VE.,F D/;-/O a'.s/

Based On
Manipulator System attached to a Shuttle Orbiter. Baseline Orbiter: McDonnel Douglas/Martin
Marietta design without cargo erection device and with a docking port forward of the cockpit.

Categories

I. Mission Derivable II. Assigned for Analysis Purposes III. Design Guidelines

I ncl udes

Operations and Time Required
Shuttle and Station Constraints
Cargo Minimum and Maximum Weight and Sizes
Arm Reach
Arm Deployment
Arm Stowage
Safety

Operational Computinq
Crew Display and Control
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Arm Tip Velocities and Accelerations
ODerational Time-Line
Manipulator Weight
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TiELEO l 'i"kA i'OR OPEkRAI 'IONL REQUiREiN' S '. 

T/O SYSTEM FUNCTION 1. SPACE 2. SPACE 3. MAXIMUN 4. 5000 LB I -
AND STATION STATION ORBITER SATELLITEI 5. 400 LB 6. DISABLEDI

REQUIRED TIME MODULE PAYLOAD (14 x 20 FT)l SATELLITE' SHUTTLE
(20,000 LB) -(65,000 LB) _( 2 x 4 FT) ORBITERJ

A. PRE-CAPTURE

(Deploy Anns to
Ready Position)

TIME: 3 MIN.

B. CAPTURE
(Mechanically Couple)
(End Effector-&
Object)

TIME: 2 MIN.

C. DOCK SHUTTLE
TO ORBITING
OBJECT.

TIME: 10 MIN

D. UNLOAD AND DEPLOY
CARGO FROM
SHUTTLE CARGO BAY.

TIHME: 10 MIN.

I E. M[ODULE UN[LOAD,
TRINSFER, AND

-- .----- DOCK TO SPACE
STATION.

TIME: 10 MIN.
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MANIPULATOR ARM VELOCITY & ACCELERATION REQUIREMENTS:t .. :.'

UNLOAD & DEPLOY .

Distance or i | VMAx(FT/SEC) A|AX(FT/SEC2)
I I Angle to i Estimated | (Tangential (Tangential
-Travel or or Velocity at. Acceleration
Rate to Assumed I Tip or Angular at Tip)

Arn Functions I Achieve Time Rate of Tip)Arm~~~~~~~~~~~~~~, Rate ofTp)

UNLOAD AND DEPLOY (or Retrieve
and Load) Cargofrom (or into)
Shuttle Cargo Bay

1. Translate tip so that tip
to receptacle distance (on
cargo) is 1 foot.

!2. Orient tip to match receptacle
on cargo within maxiinurm
allowed misalignments.

;3. Translate tip so th,it e;ichanical
coupling is achieved between
tip and receptacle on cargo.

14. Move cargo upward out of bay
until lowest point of cargo
is above highest point of bay.

5. Move cargo away
and stop. _

6. Orient cargo in

7. Release cargo.

from Shuttle

desired attitude.

Total Time

3 ft

(See Req- 
ui rements) 

1 ft

16 ft

26 ft

30 sec

20 sec

10 sec

13 min

4 min

100 sec

20 sec

10 minutes

0.27 0.36

0.10 I 0.36

0.174
... . ........- 

0.001
f ... .. . .. . _ . ------ -

0.174 - - 0.001
t

I - - --
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'MANIPULATOR TIP VELOCITY TIME LINE: UNLOAD & DEPLOY - TASK D

0.2_ ..-.. _ __..J _":_

| 0 30l - -- 4- -- -- ! ---T----^ } r 11 A

i-Velocity Move Tip Nearto i

fs 2 _ Receptacle ..-- -

0.20 Vel I o i ty , Orient Tip to T!I

fRept / scle _ ---- _/ __ ~ -------- -----
Mechanically/ ' 

! .l / RtoRecep-/ / \ 

1.0 2.0 3.0 4.0 7.0 8.0 . 9.0 10.0

Time (Minutes)
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MANIPULATOR TIP VELOCITY TIME LINE:

TRANSFER ( TASKS

CA PTU R E, DOCK & MO D ULEr-i :-.---
,;r 5;=- _F-iS4' i;"S"i;;;; >; = ; { X DCa_ VF7' DIV//O I
D, ~,, Li

Veloci ty
(ft-
sec) -

0.4

0 . 3

0.2

0.1

Velocity
(ft-
sec) r
0.3--

0.2_

0.1 

0

2.0 4.0

Reduce Separation
Distance to

2 feet .

Dock

._3- . . r A lign Docki g
. Ports

~~~.1 V 1.. 

6.0 8.0 10.0
Time (Minutes)

-Transfer Module to
Space Station

r Dock Module

18.0 20.0 22:0

Move Tip
..---.-..--.. -.- ! near Cargc 0

Lift Module
"Clear of
Bay

14.0 16.0

14 / 16i

12.0

Time (Minutes)
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ARM TIP VELOCITY AND ACCELERATION FROM REQUIREMENSTS -- -:.

Problem: Arm nmust accelerate load at some rate, a, to some mpximn. uu
velocity, V , and move a total distance, d, of 16 feet in time, t, of 180 seconds. The arm must have

a deceleration capability so that it can stop the' mass in 15 feet or less. What is the V and

acceleration, a? Let dl and d2 be the distances traveled during times tl and t2, respectively. Then
1i *2

1 2
d = d d = at +V t1 2 2 1 max2

16 at2 + at t
2

1 2
d r 15 - at or a
i1. 2 .1

(1)

(2)
30
2

.t1

t2 = 180 - t
i1

Substituting equations

16 1 0 (2 3t16 - L -)t1
t t
1 1

(j)

(2) and (3) into equation (1)

(180 - t )
1

Solving for tl

tl = 174 seconds

Substituting into equation (2)

a 0.001 ft/sec2
(17 4)

Solv.ing for V m ax

Vmax- at
l

= (0.001) (174) = 0.174 f,/sec

V
rcmx

Velocity

Time tl '180 sec.

_�I____· _·_ ___ ______ ___I_______ ______ ___

---' .... I I
I t I

/ t2 I
/ ~ ~~ i, i



SHUTTLE CARGO DOOR HINGE-TO-PAYLOAD STOWAGE VOLUMTiE
.-n- --n· '--". -. = ~_ Z: -'a! -.. : '--. ;.';:,'"'--'--= ' ' ... ......... ........ ... 

I T.CNVftq D/V/S/ON i

.G6o 0

/

/

.1

c-0"nOE:

AP, 7", o, ,0I
47' 0



IM INI MUM REACH REQUIREMENTS

A. Shuttle Docking Port
B. Station Module near Dock. Port
C. Station Module far Dock. Portl
D. Cargo Bay: Forward Lower Point
E. Cargo Bay: Rear Lower Point.

' Requirement eliminated by docking
Shuttle facing in opposite direction

o 6 to If Zo
__L L.i i 
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,1MUUM, ARM LENGTH
ATTACHMENT I i

INT FOR I
CH TASK 

J··---I -- I- } II. i 

/"-N

200 400

200 400

Shuttle Docki:ng Port (Elbow 150o )

Station Module Docking Port B (Elbow 1500)
Station Module Dock-ing Port C (Elbow 1500)

Cargo Bay: Forward Lower Point (Elbow 1i500

Cargo Bay: Rear Lower Point (Elbow 18w

600 800 1000 1200 1400

Attached at Shuttle X- Station (Inches) Along Top Surface

VS
PO
EA(

- 116.7

i00.0

i .83.3
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REDUCING SHUTTLE VELOCITY: FORCE VS TIMEA P P L l E D [.,, ~. ,. ~ ;~;,~,,,,~
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v = 0.4 ft/sec

F External Force Required to Reduce v to Zero.

'F=m dt m -t= (10,000 Slugs) ( 0.4 ft/sec)

.Fa t = 4 0 0 0 -se 
Tf P = Povwer.

dP = Fdv

_ For constant force, F I

P = F(Av) = Constant

*' 150

Time ,At(sec)

100

90

80

70

60

50
Force,
F (lb)

40

30.. 

20
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Torque T
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4,000

3,000

2,000
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REDUCING AV: HEAD-ON CASE
f)_ENViF'? t/V/S/r. ) i

180

160

140

120

F1 Force to 100

Bring aV to
Zero (I bs) 80

60

40

20

0

Stopping Distance (Ft)



COMPONENTS OF JOINT WJEIGHT VS ARMFI L NG"TH
levr-[EN fR )/vl.':;/<.)/'N

200
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W eight
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50
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Arm Length (ft)
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TOTAL WEIGHT OF JOINTS VS ARM LENGTH
E_=t.>r~- .^== -= =7. ,a z :AP,^; 

Single Arm (7 Degrees of Freedom) for Reducing Shuttle-to-Station

AV to Zero, Based' on Inland Motor Company dc Torque Motors

and United Shoe Machinery Corporation.Harlnonic Drives.

Weight Includes Motors, Gearing, Potentiometers, Tachometers,

Bearings, Housing and Wiring (Fly-By Case).

30 .-40 80
1I - L_ ._ .. _70
Arm50 60 7Length (Feet)

Arm Length (Feet)

'1 1

.~~~~~~~~ -- a '-_ by i <JJ>/*'-//a

I EDE~~~i'.r~~f? S)/t/S>5~~~~ I

1600

1200

0,
300

400

' 0
10 20 90

l __l

I I
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BEAM WEIGHT VERSUS ARM LENGTH - ONE APPLIED MOMENT
i .,-ii, _x11_~z __ID _a.w;. ; -. .. , .=Z.

4000 '-.

3000 ":'"

'2000

.J

r---~~~~~~~~~~~~~~~~~~~~~~~

1000

L
0 

0

a

10

- - -

Reducing Shuttle-to Station !V to
Zero with Torque Applied at Wrist
(or Shoulder) only and with Elbow
Locked at 1200 (Fly-By Case).

BEAM MAXIMUM DIAMETER: 12 iNCHES

BEAM MINIMUM WALL THlICKNES

20 30

;S- 1/16 IN.;

I . I

40

/

50 60

_I r'--' ----r ?m

/' ' 4
- Aluminum
ITube

I I i

i Boron-E~ox~
, Tube'

i 

70
Arm Length (feet)

-P4o
C

Cnaj
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i
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ARM WEIGHT VS ARM LENGTH - ONE APPLIED MONMENT
i. : ;a2s:= m.- :0-X j~ t 7-2t; L;;~ r- - -. _r

1800

1600 __ Reducing Shuttle-to-Station a

Applied at Wrist (or Shoulder
140-

1I- Locked at 1200. (Fly-By Case

1200T- Weight includes Beam and Jo
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800--- --- -.
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200 ....... . .
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Arm Length (ft)
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DISTR i BUTION OF TORQUE YIELDS ONE-FOURTH THE NWEIGHT i .;.:,...,:.,,,
-·i=! . /-iVTl'sl?' ,,O5f ,

CASE 1. ONE TORQUE MOTOR, M

CANTILEVER DEFLECTION:

P

w/-1

SHEAR DIAGRAM

MOMENT DIAG RAM _

DE C ....I..O. .
~.j1 ~ ~~ i

DEFLECTION DIAGR 

P1i
6 :, --,-

P

CASE 2. TWO TORQUE MOTORS, M1 and M2:

I M1

, .'

/ I

S-SHAPE DEFLECTION:
P

a--4- 1 -- M1= -P1p
~/} 2-

. PSHEAR DIAGRAM -|

MOMENT DIAGRA .... I

P1
._7

P1
2

DEFLECTION' DIAGRAM 62

S2 =12E12EI
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BFAM WEIGHT VERSUS ARM LENGTH - TWO APPLIED MOMENTS

1200

1000 

800 __

eam i "
eight
lb)

600

400 r

200 '

20

-~-----T -- '" r . , -'- r--

Reducing Shuttle-to-Station AV to Zero with Torque

Applied at Both Wrist and Shoulder and with Elbow

Locked at 1200 (Fly-By Case).

MAXIMUM DIAMETER: 12 inches

MINIMUM WALL THICKNESS: 1/16 inch.

t --- /! -..
/ Aluminum Tube!

i - -- --- -t - -
, , '.~~~~~~~~~~~~~~i I

i _ Boron-Epoxy
.-- _ -- __ . | I Tube, . I

30 40 50

., . Arm Length (ft)
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ARM WEIGHT VS ARM LENGTH - TWO APPLIED MOMENTS 

-K-. -

1-- T- -. I....- - . -II T

Reducing Shuttle-to-Station AV to Zero

- with Torque Applied at Wrist and Shoulder

and with Elbow Locked at 120°

Weight includes Beam and Joints for Single Arm.
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TO"RQUE TO STCP MOVING CARGO
-200- ... ...

2Task D: Unloa c, Deoley: --- 
V = 0.174 ftisec I
o ,, 

1Task E: Unload, Transferl
180 -- -- 0fS Dock; VO 0.23 ft/secu ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ....
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BEAM WEIGHT FOR CARGO HANDLING
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INIFIAL CONCEPT
SCREENING FORM
FOR SYSTEM &
SUBSYSTEMS
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yp7e'f -C peratiing
Locations -- -

SELECTION FROM 42 P
une Fixed
OoeratinQ Location

)OSSIBLE CONCEPTS
I e7V t eina o` I ari nl e

Or",-,ratini iL.ocations
Several Fixed
O)neratinn I n:atinnc

Number r ~'. Bases Two Two Spar. wo Separ.
or Arms lArm One Separate One I Bases One , Bases

iLength I Base Bases Base i (One Fixed) Base, (One Fixed)

Fixed , © C 6 F O
1 Arm ... _-.. _ L 

Variable Q 0
I-Tdent.

Arms t Fixed . . . i
(Size,Wt. --.- 1.- ..-- -
Base. ec.i Variable 0 A I _ |

Both 2 Non- Fixed 0 J
Ide nt. -Both .__ !

Arm Variable A .A
o-nTe Fixed, .....

,l., One Variab. _ '_ __I___. ^ ;H,,e,,.A

,4,.1:, 7 f ,/ - /, J- Selected Alternative Concepts
,Ij;.i.i.': '0 Not Applicable

: ' No Advantage to Keep Both Arms at One Operating Location
a. Redundant Means of Increasing Reach Capability
' O Since need for increased reaeh capability comes about due to the requirement to

reach small (light) cargo, only one arm need have this capability. Also no need
to have 2 identical arms if on separate bases.
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Arm Deployed

One Arm, Fixed Length, Fixed Base at Cargo Bay
Forward, Bulkhead. Arm Length: 64 ft. Total
Weight: 489 lb.

Arm Deployed

I

DEPLOYMENT METHOD 1

Stowed. 
"

Deployed

DEPLOYM ENT METHOD 2

Stowed .. -Deployed
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CONCEPT B

Arm Deployed

Extension 

· .

Arm Stowed

One Arm, Telescoping Length, Fixed
I Bay Forward Bulkhead. Arm Length:
Ito 64 ft. Total Weight: 477 lb.

Base t- Carco
45, Exteii'dab

- '.: . - ,'/ ,' , r - ;' , " --:
_;·---~""'~~ _ _ .... ....... ... ._ ... ..... _ .- ..

I ,CI ._ 0,viS. /ON t)

.DEPLOYMENT METHOD 1

..-,-I--, Extension

DEPLOYMENT METHOD 2
Arm
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ji-CONCEPT C
I_________________________________ ,_,__________________ . .. -.... ," _ ... .. '. .-

-1 -- '-.----. -~ [.2:VF'R D.'/V/S/O/ 

_Li. t'!J .Arm Deployed
Ft. / Position I 

=---__ DEPLOYMENT METHOD 1

Stowed. Deployed
$towed A ,

rI DtIeplIuyedu r ioIUnI x

One Arm, Fixed Length, Moving Base with Pri'rnaY i
Position at Cargo Bay with Forward Bulkhead. Arm,

.Length 45 ft. .Total Weight: 535 lb.

': = IA -=

Arm Deployed
Position 2

A Ar n Deployed ..- '

Position 1 "
/

.='............. : - _ ' 

11~~~~--------- _-- __--·---- ··---- .......... ,.....__.

DEPL(

Stowed.

OYMENT MiETHOD 2



I CONCEPT D
;'~~~~~-~~~2;;;r;=~~~~~~~~~;-~~~~Li;-i3;t~~~~-"':-5;L~·;~i .... :m'--- ~ ... ,

~ ~ ~~~I .f.;'NVE/~ri L./V~i.'/ ,'.N l i

0So4stO ~ Arm I
L..~M~.. .r Deployed

DEPLOYMENT METHOD I
jArm 2 De,~Li----']%~ 

1 ~~~Arms Stoij/ F- 

Two- arm s If'ixed le-i-gh, fixed common~ base --a'-ccal-
·by folrward bulkhead. Arm length: 65 ft each.
Tota.!_,weioht:- 527 _.b.

Armp 1 an DEPLOYMENT MvETHOD 2
Deployed

'-- -.-



CONCEPT E

05 ,o , .5 Arm 2
iLLF rm 1 DepioyedFT, ·Arm I

' Deployed

Stowed Arm 2'
Stowed

Two Arms, Fixed Length, Fixed Separate Bases:
One Arm at Cargo Bay Forward Bulkhead; Other
lArm at Near Bulkhead. Arm 1: Length, .45 t;- Arm 2:1
!31 ft. Total Weight: 578 lb.-

' .DeployedStowed : -

ARM I DEPLOY MN~ METHOD i

~_P;RM1~~~ DEAX1i i)\(M METl)D .IA R M 1 D F ~ O '( M F IT E T H O D _ -2 j
Deployed ... _-- ,Stowed

ARM 2 DEPiLOYMiE - i-M ETHOD 2I. ._ . _
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I 

-�1--*-.------

- - - - - -- - -

-

--- i---

I
I

I
I

I

a-

I

I

i
i
i
I
-Z

i
II

I
IIII
I
iII
I
I

- r

I

I

I

I

I

I

I
I

I
I
I

I

I
II



CONCEPT F
I

o So, S J ,Peployed Location 1
! I ' I I
: , /

I Y~~~. . _ < /
I x 

! ~ LTIV VC-,,cS 01111-9 /0/'

Z~L----N v.'7- -//soc~J. i-^·l-_ ,; I.·C·-·-- . -,>,; s,)/ ':rf

j .)L-v;/.' t)Za2S/C> i: . l~~~~

DEPLOYMENT METHOD

Stowed

rOne Arm, Fixed Length, Movable Base (Seif-Locomo-
Ition) with Primary Base at Cargo Bay Forward Bulkhead
[Arm Length: 45 ft ;total weight: 515 lb.

l.ocation 2

4r I---CDeployed _ --
Location 1

DEPLOYNM'ENT ~METHrOD 2

Stowed.. o -- Deployed
, 1 4-,- J f -I 

I

1

/~I i
_-

t

i
i

I
i

I I
1
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o SolSro Arm 1 Deployed 
i I 

DEPLOYMENT METHOD 1

Arm 2 '
Deployed Stowed

Two Arms, Fixed Common Base; One Arm Fixed
Length; Other Arm Telescoping Length, Mounted! at Cargo Bay Forward Bulkhead. Arm 1: Length,
,46 ft; Arm2:length 46 to 65 ft with extension.

-, - LlWTiotal Weiht: 458 lb.

-Arm 1 
Extension 

DEPLOYMENT MET HOD 2

Deployed

Q -
· /~:~' L~~~~~~~~~~~~~~~~~~I
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CONCEPT H

Arm 1
o 5S ,o;0 O

. ;.I' i Location 1
F." 

I Deployed
Location 2

Arm 2
D eployed Stowed

Two Arms, FixedOLength( 46 ... ; One Arm Fixed
Base at Forward Bulkhead; Other Arm Moving Base
with Primary Base at Forward Bulkhead. Total

lWeight: 529 lb. 1
Arm A...

Arm 1 and 2-.

C- ___:id' . .

,DEPLOYMENT METHOD 1

c~Z--Q- I

DEPLOYMENT METHOD 2

D i VEP' 0. DV/S/O/J )

- ~ ~ ~ ~ ~----I-----

I

IiI
i



CONCEPT I

- f .0 5

FT.

Peployed

I 4 L2

Stow di.. . I. -.1 I .2

S .owed I

.ne Arm, Fxed 48 ft Leng-th, Fixed Base at 17 ft
Rearward from Forward Bulkhead.
,otal wei ght: 482 lb.

I

Stowed

DEPLOY

Deployed

9
'//I

1E M 3

('MENT METHOD 1-

D eployed-

- /

DEPLOYMENT METHOD 2
~~~~~~~. ~~~~~~~~~~~~~. ~~~~~.-_ _ .... _ _._ ___ _-

1

1

-- , : :=-M- >r2- -;--S==j- 5 -- - - -
i v> ; ;g ., t~ j,; /J ts,. I
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CONCEPT J 

.. T ....... ! i t ... i/

5 5 CsIS o 4Arm 2 Deployed Arms Sto AieStLoLieL 5 Note: Arm I Self-locomotion
is done by a "boot-strapping"
via an intermediate Shuttle
surface-mounted receptacle.

Deployed

Stowed

Arm Deployed. rm poyed
Position 1 Position 2

Two Arms, Fixed Length, One Arm Fixed Base;
Other Arm Movable Bse (self-locomotion) with DEPLOYMENT METHOD 1
Primary Position at Forward Bulkhead. Arm 1:
Length 46 ft; Arm 2: Length 46 ft. Total weight:
466 lb. 

IDEPLOYM'EF'T7'NT-FO'D 2

I a ----

._. 
_ . .. . . _ . .. _ 
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TYPICAL MANIPULATOR DEGREES OF FREEDOM
I=~~~~~~~~~~n4z=;-:i= = 1- z

Pitch

AN~k

Yaw

Roll

Forward
of Cargo

Bulkh
Bay. For Location Error of 2 inches at WCrist,

For Equal Arm Segments, and For Equal
Angular Accuracy in All Joints: The
Required Angular. Accuracy at Each Degree
of Frieedom is:

2.d = - degrees64
d = + degrees

./ i

where L is in feet.

Roll

" P it c h
~S-2~' Pitch

!,~-~··--- -. --*r ........~ - ·- -~.?--

[ ,r~£'Alf.-fi £1/ 1.'- /',/I
. _ ~~~~~~~~~~~~~~~~~~I



TELEOPERATOR TELECOMMUNICATIONS SUBSYSTEM :'-.--. .........-.-- 3..
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i Lamp

I Pan TV

,Mount Drive

PPosition Encod.

. Lamp

LEE-TV

J Arm Drive I

[Angle Encoder 

iAngle Rate _

I amp__
Cargo TV

Mount 3rive

K Position Encod.

/ "C6,'~/ v-'- v- r

,:e. o 7 /-7h,: _ _ : ;,/_

. -._ , - _ _.__._.

I _, _
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-1
V../L.d- - n@---

1, -- Zz-- IAv

1 <Z~~~~~gdX~ 9zyg ,z

__ Closure Rate
L& Di stance Disp_la a vy.>

I Cauft'icon' 1
LWarning Display ,

· j |Pan TV Display \ m.s/s

IO ' O _______.rm\ \ LStatus 
EE TV Display \\\

ICoargo TV Disp. \ 

r i\m Status ///
CS ' 'Display - ] / / /

i;'4s, ,f/ !TV"Camera '- / /

'Controls / /

ilA~Puanr 8/

I L
ONTROL,
T~ D} hV

and

COMPUTAT

COMPUTATI

ELECTRONI

r
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SPACE STATION CAPTURED
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Closing
Velocity

* All Concepts
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RELATIVE VELOCITY ZERO
, " A. l, A.l Izi M.., y' ' '._:- V,-,.· '6=: . l ';

DC'"V-VE"? D'.l5/SlO /

All Concepts

v .so JS o

fr. ! 
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Ai SPACE STATION DOCKED TO SHUTTLE
o. ., : ,-K,) f ' ', , , -,. V..C K. :
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All Concepts
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i STATION MODULE UNLOAD, TRANSFER AAND DOCK' ' .
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65,000 LB PAYLOAD DEPLOYIVMENT
- f~ Ir t ;= = =StG'S.U'.::=. ~~---2-;3Y - --- --vy , - -

I Z)E 'NVL,'CR 1)/VS/C(),"'

Cargo. 15 ft diameter by 60 ft long
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DOCKINC SHUTTLE TO D 1SABLED SHUTTLEL i
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DOCiINIG 'HUTTLE TO DISABLED SHi-LIILE -
_g:>:.. __:' ' 

I

I
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111'1
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.:. . ..........................................
L3.I~.L~~ £'/H1/ ~

Relative Velocity: Zero
S. houlder-to-Wrist: 10 Feet
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DOCKING SHUTTLE TO DISABLED SHUTTLE - 3 r,'F- . %,. ... . . ...... ,
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ARM FUNCTIONS FOR CONCEPTS WITH VARIABLE POSITION I LENGTH

K ,~~~~~~~~~~~~~~~~~~~~~ .~~~. '. I/ ' .' ,"7- ;" ,' 7
2? ~C:?j' ZrSCOJ i 6~~ SPA~~~c' c~~~~=7-~~~/;7~~~'~~,~~'~~ .........~ ........................ ~~~~C~3;G-'~~~~C7~7To/~~_ _. ! z_,,~C ~ l 775:/27c ,' ...... T--~C , ~ I 0/ ~'~ ...."u ....'-.....'........'.... c, _

Length 1 I I X ... ..X X X X X X. ......... 
Length X X X X

A I , 2

.. ... . ---- -- --

Position2X X X X

Length 2 xxi x

PositionIX..X.. .. X. X. .. X. .. X..X

Position 2 X X.
Function.. Codes:....aptur...D D ; neo U Transfr Dk ___

1 ~~X .... X.. X .... X_ ..... X . . . . ~.......
Position 2 .j ___ _____ ___ ·__ '__ X _'X__

____ ___ __ __ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I ; 

Len -. -. xjx~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~x~~~~~~~~~~x~~~~~~~~~x K -~~~~~~~~~~~~~~~~

Co~~'cP7Tt.......... .......... ... .......i .. . ....... .. ........ ...........
~~~~~~~~~~~~~~~xx X.. ... I . ... _A 

Postio 2 ...... ___....

Position 1 'X X __X ~ X x X X" X~ X ~ ... li ' ' 

Position 2 . ......... ......... ___ ..................
Function~~~~~~~~~~~~~~~~~~~~ Coes C X Catue X I Doki nod&Dpo;T nod rnfr&Dc

I . ~ v.. ___ __ __ __ _ . . . . . . . . ......... __ __ __ __ __ __ __ __ __ __ I
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ALTERNATIVE CONCEPTS DATA TABLE

Imr _----_Concept

i Paramete-r

Number of Arms

Number of TV Cameras

IManipulator Weight (lb)*

IArm 1 - Length (ft)

Base X - Location (in.)

Diameter (in.)
!!all Thickness
Torque (ft-lb)
Tip Force (lb)

(in.)

- Joint Accuracy (deg)

Arm 2 - Length (ft)
Base X - Location (in.)

A BA i C D
4i .i

1

4

439

64

1082

12
0.10
1125
45
0.08

Diameter (in.) . j --
Wall Thickness (in.)
Torque (ft-lb)
Tip Force (lb) --

Joint Accuracy (deg) --

Extension-' '" (ft) --
Diameter (in.) --
Wall Thickness (in.) --
Torque (ft-lb) --
Tip Force (lb) --

*Baseline Arm Material; Boron E>poxy;

1 

4

477

45

1082

12
0.061
1500
77
0.121

19
1.6
0.03
10
0.16

Baseline

I.-

1

4

535

45

1032
1300

12
0.OG
1500
77
0.12

Degree s

2

4

527

65

1082

12
0.10
500
18
0.08

65
10382

12
0.1
500
18
0.08

E

2

4

578

45

1082i

12
0.06
1500;
77
0.12'

31
1843 !

2.25,·
0.03'
4
0.18l
0.17

-- i
_ 

F

1

4 1

515

45

1082
1300

12
0.06
1500
77
0.12

of Freedom; 7 Per Ann +

G

2

4

458

46

1032:

12
0.06'
738
37
0.12:

46
1032

H

2

4

529

46

1082,

12
0.06
738
37
0.12

4!r
·1032
130

12 12
0.061 0.0
738 1 738
37 37
0.038 0.0

19 --

1.6 --
0.03i --
10 --
0.16 --

Exten$ions.

I

1

4

482

48

1277j

12
0.08
1225
59
0.11

-- i

_ 

2

4

466

46

1038iOua

12
n.Oo
738
37
0.18

4 6

1300
12 1
o.o0
738
37 1

'0.08

0)O

6

8

__·__ _.____ ·___�_�·_�___ _·__·_
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MAN IPULATOR WEIGHT DISTRIBUTION
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· .527 592'~ 3 51. '

500~ 489 ..
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452 6 
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CONCEPT ADVANTAGES AND DISADVANTAGES 0-/-l r- -rl
(,~ily~p~·~i~p TW1*. I z e .... =i !
I Configuration Advantages Disadvantages

Concept A Simple design. Minimum interface problems. Long arm length. No redundancy. Orthogonal
r' ^o }liqh reliability. Lowa cost. Straight for- viewinq at end effector not fPasible.
une arm,
Fixed Length
Fixed Base

Concept B

One arm,
Telescoping

length,
Fixed Base

Concept C

One armn,
Fixed Length
Moving Base

Concept D
Two arms,
Fixed Length,,
Fixed Coinimon
Base

Concept E
Two anns,
Fixed length,
Fixed separate
Bases

Concept F
One arm,
Fixed Length,
Two Base

Locations

ward controls and displays. Stows and de-
ploys easily.

Short basic arm length. Minimum interface
problems. Better dynamic control with
task dependent arm length. Minimum sto-
wage volume.

Short arm length. Better dynamic control
with task dependent base location. High
reliability.

Good dynamic control. Redundancy for
single arm failure for all non-docking
tasks. Good capability for secondary
tasks. Loads shared between arms.

Short arm lengths. Provides limited redun-
dancy for non-docking tasks. Better dyna-
mic control with task dependent arm designs.
Good capability for secondary tasks.

; .j...

Short arm length. Good dynamic control
with task dependent base location. Mini-
mum stowage volume.

Limited capability for secondary tasks such
as maintenance and repair.

Complex telescoping mechanism. No redun-
dancy. Orthogonal viewing at end effector
not-feasible. Limited capability for
secondary tasks. Additional displays re-
quired.

Increased interface Droblems. Complex base
mechanism. No redundancy. Requires addi-
tional controls and displays. Limited
capability for secondary tasks.

Increased interface problems. Complex con-
trol for coordinated motion. Requires
additi onal sensors/displays. Panoramic
view more likely to he obstructed by arms.
Long arm length. More complex collision
avoidance.

Increased interface problems. Separate
controls/displays for each arm. High cost
for development of two (2) different anns.

Complex interface problems. Complex con-
trol problem to move base location. No
redundancy. Limited capability for secon-
dary tasks.

I
I



CONCEPT ADVANTAGES AND DISADVANTAGESr --7 . .C.........7.
Configurationt.Lt3rE;ij\; Advantages-wtY·~~F~,n~C. i·· Di; ·ry; ,ag ~tt ;o =>oi* .sadvanta ,;es ._" ........ ... .....

Configuration Advantages Disadvantages
j .__ ... ___ _............i

Concept G

Two arms,
One fixed

length,
One tele-

scoping
Fixed Base

Concept H

Two arms,
Fixed length,
One fixed
Base

One Moving
Base

Concept I

One arnm,
Fixed length,
Fixed Base

Good dynamic control. Redundancy for single
arm failure for most cargo handling tasks.
Good capability for secondary tasks. Loads
shared between arms. Basic arm length short.

;Good dynamic control. Redundancy for single
arm failure for most cargo handling tasks.
'Good capability for secondary tasks. Loads
shared between arms. Arm length short.

iSimple design. High reliability. Low cost.
IStraight forward controls and displays.
IShortest total arm length to perform all
:tasks with fixed base, non-extendible arm.

Concept J Good dynamic control. Redundancy for single
arm failure for most cargo handling tasks.

Two arms, Arm length short. Good capability for
Fixed length !secondary tasks. Loads shared between arms.
One tixed

base
One multiple

base

e

..

ICompl ex tel escopi ng mechani sm. Addi ti onal
sensors/aosplays required. Complex control
for coordinated motion. More complex colli-
sion avoidance.

Increased interface problems. Complex base
mechanism. Additional controls/displays
required. Complex control for coordinated
motion. More complex collision avoidance.

No redundancy. Limited capability for
secondary tasks. Non-symmetrical loads
on shuttle.

Increased interface probl ems. Complex
control problem to move base location.
Complex control for coordinated motion.
Additional controls/displays required.
1More complex collision avoidance.
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CONCEPT SCORING FORM

i . .'-----Concept
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.. Cost .... ..
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ALTERiNAT\IVE CONCEPTS RANKED

' RAFN CONCEPT SCORE DESCRIPTION

i
i,,~~~~ j...'...

1I ! A 216 1 One arm, fixed length, fixed base at cargo bay forward bulkhead.

*, * V __4 J I --G

227

254

272

290

304

One arm, fixed length, fixed base at 17 feet rearward
from forward bulkhead.

Two arms, fixed length, fixed conmnon base at cargo bay
forward bulkhead.

One arm, telescoping length, fixed base at cargo bav
forward bulkhead.

Two arms, fixed common base; one ann fixed length; other
arm telescoping length, mounted at cargo bay forward bulkhead.

One arm, fixed length, moving base with primary position
at cargo bay forward bulkhead.

Two arms, fixed length; one arm fixed base at forward bulkhead; other

_ _32 5 ~arm movinq base with primary base at forward bulkhead.

!Two anns, fixed lenoth, fixed separate bases; one arm at cargo
354 !bay forvard bulkicead; other arm at near bulkhead.

401

414

Two arms, fixed length; one arm fixed base; other arm movable base
i(self-locomotion) with iprimary position at forward bulkhead.

JOne arm, fix, d l ,nqth, movable base (self-locomotion) with primary
jbase at cargo bLiv forward bulkhead.
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SHUTTLE DOCKING. & CARGO HANDLING

Arm

' i. . ,::,Zj'- , /._,?/,'I {rz t~~~)///CA

Television
Camera

Television
Camera

Shuttle Cargo
Bay Compartment
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